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(54) [Sim<D^m fiBE^^^use 

(57) mm] 

lO(Z)TMR^^4 <ir. loCQNMOSh 
^l^iy;:^^ 5 tfj^h^Ji^^^U-^/i-^ 2 NMO S h 

MO S h'7:yi^:^i^ 5 ^^LrTMR^^4 (Cl^S^^tt 
;rc t^^/ h^B L <!r. NMOS h^^^v^^^'^ 1 5 ^^^LT 
l&iTL^^l 4(C@^^ttfc#BBtf 5/ h^B L r i:. tf-;/ 
h^B L i#fiSfc:> hUB L r <t tC^J^c^nfcir T 

{Z^ y h^B L i:#fie t> h^B L r <h coreltC^ Cfc 



(71) USA 000001889 



□ rttKiR*ffi 2 TB 5 S 5 ^ 
(72)«99« OjBB 3t- 



(74) A 100104433 




I 



1 

HulE^BS^^y-ir/Ufi. 1 oco^ 1 Sin^^i fliJiel? 1 

*:jS 1 - 5 col^T4^7!>^ 1 JStc|Egc(^)^m> ^ y 
IfS*:3l 7 ] mjfS#flB;^ ^ y ir/uo^ i mtjim^li. 

[if *3l 8 ] mUm^m?^ ^ y 1 IgSt^^Ji. 



(2) 4^532 0 0 2- 3 6 7 3 6 4 

Ti^6. ft 7 {ctescoi^m;^ ^ y a^go 

[ft*« 9 1 fluie#,^,^ ^ y iryKD^ 1 ffitt^^^fi. 

/ 2 <offifeifii$:W-r sssKtt h >^^/u^^^7i^-r i 

^(DSStffi<^f5«? 1/2 oSln^^^t-rs^SKIt h 
Ifg*3l 1 0 ] mif5#RS^ ^ y ir/i-coll 1 ISfit^^ 

[0 0 0 1 1 

i'i? [0 0 0 2] 

^if ^ y T'fc^MR AM (Magnetic R 

andom Access Memory) ^biXT 
V^^o :i(^MR AM{COl^Xfi. NIKKEI ELE 
CTRONICS 1 9 9 9. 1 1. 1 5 (no. 75 
7) p p. 4 9- 5 6/^^^^CpL<r?^^^tvTV^'5o 
[0 0 0 3] 13 9 joctt/lill Ofi. ±|ELyc:5cSfc{-B8:T^ 

mX'^^o lil9^#fiSLT. i*5feOMR AM(Oielt^^ 
J(? 110 it. ^t^ttg 1 0 1 i: . ^^^tSil 10 3^. 

tSii 1 0 1 1 0 3 <bc^FBli;iffiS^ixyc^^1±^ 10 2 

[0 0 04] ^m\tm 1 0 1 ^mi^m i o 3 j: «9 1 

^^14® 1 0 l:jeJ:t>'l 0 3fl. ::<7)3S®ttf*:;<>^^/.^ 
5o 1 0 2 ^ ur^S^fflv^^G 

^d? MR (Giant Magnetoresistanc 
e) m^m\^^htlX\^^^o i&^Xi^. ^^tt^l0 2<t 
Unfe^^^ffll^-STMR (Tu n n e 1 i n g Ma 
gneto Resistance) ^'^^^f^^ ^tlX^^ 

roTMRWfi. GMRJ^J: 19 tlSfct/i^;'^#v^<t V^ 
^^iJ-^.^^-r^o Mi^ma-±. GMRMcoMRhb (iStet 

^itm) i-^l 0%-^Xhh(D{cML. TMRflI(7)MRi:t: 

m^^itm) i'X2 0%&.±Xh^o ^J::^. Z(DTMR 
m^^hAi:^mmm^l 10^. WT. TMRI^^I 1 0 

50 [0 0 0 5] ii^tC, I3 9*5j:t/I3 1 0 ^#03 LT. 



t 

4 



3 

(S¥tT) (^4^cflg&x-^ "1" ic^f/S^-^^o 

(Ro) /)'^/h^<. R¥tT<7>0#. ffifet (Ri) ;^5>ctV^^ 

"0" "1" i>^i:m%^\'t^o 

[0 0 0 6 1 mi lit. V^M<D 1 ^(DTMR^^t 1 O 

MR AU<D^t^mf^^yr^ Ltczf yi^mxh^o Mil 

[0 0 0 7] ;^ ^ y -tryU-T U-Y 1 5 1 (i. ^ H 

(HI 1 T*fllll®?rffiB&<l:i--5yhi6(:i. 4<@<5D^^i;ir 

fi. 1 OOTMR^^F 1 1 0 i:. 1 OCONMO S h 7 

v^;^^ 111 <l:7!»^bffi^^tLrv^^. 

[0 0 0 81 tT (0^7) :ft^r&]t:iia^ij$tt^c#;^^y-feyu 

12 0 (Cib^V^T. NMO S h'7 l^i^y^^ 111 h 
y ir/H 2 O^Cjo^/^T. TMR^^ 1 1 0(7)— 

[0 0 0 9] ^ij ;^f^{^iS?iJ^tL/c«-;^^y ir J^? 

/H 2 Od^Sl/^T. TMR^^ 1 1 OO— ;^0O54t^t4@ 

[0 0 10] #l5C^ttiLffll7— KSftRWLa^RWL 

-BLn(i. A-r'r^ — 5 3 t;ie^jgE$tLXV^6o 
[0 0 1 1 ] ^a57!)^bft^$nfcn r>T K ;^ jb^ J: 
^-^rKu;^fi, r KW>?. i:"^' 1 5 4 tcA;'j$n'2)o ^ 
coo ■J'T Ki^:^i^J:t>*:*^^T Ku>^fi. TKi/;^t°> 

1 5 4y6^^r Kl^>^7 1 5 S^feill^tl^c TKU 

r Ki/;^fir V u:^^<yyr i 5 6 ^^LTd ^>xr3~ 
y i 5 2--fBiJl^tu. ;<;7AT Ku-xfir Ku>^^<:y:7 
r 1 5 6 ^^\^X:^y J^'f^ — ^ 1 5 3--^ill$tL^o 

[0 0 12] ^^t'^—VI 5 2{i. #^^tBLfflr7- 

K^RWLa'^RWLn<^ 9 T ¥ U "7 y ^ \ ^ ^ X 

WLa'-'WWLnt^^ r Ku>^^ 5/^1 5 sr-^ 
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(HJKl 5 7 7i-C><7)ft-^«CS<5V^T. #g!^a3L^l7-K 
^RWLa-^RWLn^^^SfiA^!:. !7 - K^W 

[0 0 13] tiy J^'f^ — y 1 5 3{i#t:'ty h^B La 
-^Ehrx^oh. T h'l^y^y y^l 5 SXy ^y'^^ixfz. 
tiyJ^r KL-:?^ic*r^^Lfcb:'> h^B L ^ilB^-T ^ ^ <^ 
ll/ES'JfflllHlKl 5 8;!>^b<7)m-§-f-S-^l^^T. #1::' 
h^B La^B Ln^OSii^SlJiai-^c 
[0 0 14] ^SfBTi^^Jg^^nfcT"— i?fi. T'-i^^fc'V 
1 5 9(cA;'j$tL5o -^cOx-iJ^fix — iJ^t'Vl 5 97)^ 
hXt}^<yyr 1 6 0S::JhLr;^^A7^=i — ^1 5 3-^ 
feil^^tl^o tiy J^^^ — ¥ 1 5 3{i. ^t:' *> h^B L 

[0 0 15] ff::eO;^^y ir/H 2 OTi^^gc^tU^n/b 
X — ^(i. #fcf y h;KB La-^B Ln7!»^^:^7 At^=i — ^ 

1 5 3^iM^x-tr>;^r>yi¥i a i^'^'&^^^o ^ 
Tiyzfmi 6 1 x^iJ^iJ^tiiTcT'— ^{1. aiS;'^'^^^ 1 

6 2;6^^7^— ^t°>l 5 9 ^^LT:^gfi-^tU;'D^tL^o 
[0016] /^:Jb\ ±tSLfc#lH]SS (152-^162) 

(Olbf-^fi, SJiai=iTlH]i^l 6 3i,:i^oXmm^tl^o 
[0 0l7li!^(C. ±m(OX0{zmj^^tlfcmM(OMR 

AMI 5 0(Dm^j2<^ (»#tSlx.) W]<t:fc5J:r>'ijc^tBL 

[0 0 18] (stiZi^Kj^^) z.<Dm^j2<^mi^(om{^ 

Rm^l 1 0(D^^m^^:^^^t:^^^mX^^o Mci^ 

mat. m^i^K.my—}'^mwwLt\fyhmBLt{c 

#) t^TMRm^l 1 0\^m<o :L<D^0M^\^^-:>X 
TMR^^l 1 Q(Dm{\L(OS^^t^^mMB.l.. fci<h;t(i\ 
"1" t^h "O" -^t^^^o 

[0019] t^^. ^M.&s^^TMRm'^^ 110 {Cfi. 

(Dtt^^^o a«75^fifcn^iev^TMR^^ 1 1 oxti. m 

gic(^^j)Kn'5TMR^^ 1 1 OXfi. ^#fi^:^-r^ 

— ;^f^coai)£co^acix^TMR^^ 1 i oxfl. ^ 
[0 0 2 0] _htfi(;oJ: ^ t-. 3MtR$tL;^cr Ku;^{c>t^;£ 

%^?Lmy— mwwL <!:o^.«s(-^iM-r€)TMRm^ 

1 1 o(Dmit(r)[^^^. m^-^fz^tm i oci^LTti^t 

"0" ^ytfi "1" (om^^^^^t-'^mttji^o 

[0 0 2 1] (if ^tti Libi^) ±fe(7) J: 9 (^»# 



5 

®i±^ADx.TNMOS h7 Vv>JX.^ Ill ^^ii^it 

oT. "1" . "0" (7)4^J^^fT9o 
[0 0 2 2] ^COI^^. [El9(C7r:U/c7^-^ "0" 

K{l:<^r^#7)^^tT-r'fc6t7)T\ Sfetffl (Ro) 
t-v^^^^msSMct '^i^ktv^ cttd^LT. mo 

fc660T% sfetft (Ri) (i. m 9 {Z7fk i^fcm'^ X ^ 

[0 0 2 3] 

MlSOT'li. X — i?<^SE^£±i L<D|^fC, h: :y 
{4S:^d^>imffi (0. 4V1^JIT) {CLTffiffiffi^l^tBi- 
-Si^^S^i^fc^o ^tlii. TMR^^l lOil. -^(DTM 

Rm^i 1 oop^^ss^cf^^D-r5m^s:^7!)5^'>T•>:^v^^lg 
z(Dtiisb. TMR^^i 1 0 (omti^iic^Mir ^miim^ 

[0 0 2 4] C(7)^P^fi. ±fEcoJ: 9 /cCllM^fi?^i-6 

[0 0 2 5] Cc;O^0J<Dfc 9— oc^g Wfi. '^'P^in.'t^L 
[0 0 2 6] 

m^^m^ii^l^i^^ ti^ 10(0 hy>i^:^^ t^^^Ks: 

!7-m<b. hy'^i>:^^^i!rLxmmm^(D-'j^m^ 
mm^tifcify hmt. mm<D\fy hm^M\^x^m{^ 

^mi^xm^^-To 

[0 0 2 7] If 1 Xa. -btfiOct 0 i-. i1^mi± h 



(4) 4^512 002-367364 

e 

[0 0 2 8] ^fc. ff*:iSi T'fi. iieoj: tr.y 
[0 0 2 9] ff3}t3S2i;i:fc{t5a^;^^y ft* 

(om\z.±\:.t:.m\tLm.^m^^m^m\*^xm^\h^o it*« 

[0 0 3 0] ft5ft3l3tC:fott6^^>^y aSMJ^. ft* 

vu(Dm{iLtf}m^msm:i'^s:^mx-^^o m^^^x 

^(7)fti-Ct-M9]!7- K^. b^^/ hj»*3J:t>*#RSfc" 
!y hllt>S^iteaffit;i^^'9 . m\u.mt^^^<^^oXl.'^Oo 

m^mmm^^^^i^irh^tkz.x.ox^ \fyvmtm^ 

m:i^^m\^irh:Lti)-x^^o 

[0 0 3 1 ] ft*JS4{C:^ott6^m7^^ySSMfi. 

m.(Dmm\^^y vm^n\^x^m\z.m-yht\^x\^^^o ft* 

^4-c^fi. :icoj: 5t-*«^-r6:i<!r(-cl:o-r. ^\fyV 

50 -r^zt^^^x^ 



(5) 



[0 0 3 2] ff*JS5«C:Jo(t6l^^;^^y IS* 

[0 0 3 3] fijRiS6(r:fo(t5^m^^y ^^{^. It* 
^jjiryufi. 1 o(D^ iig}?t^^<b-eco^ iSSt^T-t- 
[0 0 3 4] f**«7{vl:Jott^aM;^-=ey ^^(is It* 

W-n<D^<r>1&i7ii&t(D^m(Dm.1jim^mir^o fS*3S7 

[0 0 3 5] fS*Jl8{C:Jott^^a^^yiS^t^. f»* 
hv^^/u-Sd^^^i- 2 0(^^2 fefet^^i:. Kit 

^<Dmm{z.mm^titc2m.<Dm2m.mm 



[0 0 3 6] If *Ji 9 ^ y mm.\t. is* 

/ 2 COSfetig^^-r ^^Satt h V^-y^ja:^^^^- 1 0(7:) 

set (it 60 (a {£ 1 / 2 offitafit&^-r^SSatS h 
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(OSfetfit ^ S¥tT<^^<^>Sfetffi t (r>^(0 1/2 <^)tg:fei11 

[0 0 3 7] it*« 1 0 (c4o«t 5^M^ ^ y i^gli. M 
1 9 6oi^-m75^co«^{ciov^r. ^ y -fe 

I^PlSffiStfiS^^^Sp f9*Jl 1 0 fc^^fi. 

iSiffifet^^oSj5iffi^5|eit^^c>^{tcor^t;5s 

t^X^^o 
[0 0 3 81 

[00 3 9] (^1 ^Jfe^f^flg) m 1 (i. :^mm<Dm 1 H 
fe-So l^2fi. HI 1 {C:^LfclS 1 ^Jfe?igfi8tC<t6MR A 
LfclHlKllI'Cfc'5o ia3Ji. EI 1 (C73^L/b|glll5£?F$ffi. 

[0 0 4 0] ^-r. [l]l:^oJ:l>*lgl2^#MLT. if-W^^ 
<om 1 IIJS?&S(DMR AM(7)^<*:tS^K(-ol/^Tlft0.^-r 

5o ^iM'^Mm(DMRAmt. h y ^;^i^(7)y ^y 

ifl. ^T;^f^^?ij:*-f^{::ia^U$n/c7«^y ir/u5 
2;!^^b«fi)c^i^TV^'5o ;^ ^ y ir/u 5 2 fi. ieti<Dg/J> 

[0 0 4 1 ] ||l^i£ff^ffi(30MRAM-ef^. lO(D;^^ 
yiryW'5 2fi. 1 o<7)TMR^^4 <t . locDNMOS 
h^^'i/^^ 5 ^7!>^b1»J5£^iX'5o TMR^^4fi. HI 
2{C7r:-rJ: 5*^14^ 3 Jfe^Ptli^ 2 i: . 

[0 0 4 2] TMRm^4{t. ^^^(D ^^m^ 

mi^msit. :^^m<o r^i^+sgj (D-mxh^. 
m\i.mm^ ^mmco ^m2m'\±m} <D~mxh^o ^ 

fz^ NMO S 5fi. *l|0>^CD fh^Vv?;^ 

(D— 0"ll-t?^'5o 1 OC7)NMO S h ^>v^;^^ 

[0 0 4 3] 7^ ^ y ir/ur u-f 5 1(7) 9 tT::^r^ (m 

lX{tm:^\^) (cia^U^n/c:#;^^y ir^us 2(i. [7- 

^fc. 3?ii::^f^ (EI 1 -^fiSl^rr^) {cifi^ij ^nfc#^^y 
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« 

[0 0 4 4] ^fc. t'y hUB L joJ:U^#fiSh:'.> h^B 

>^ (SA) 5 3/>>mm^tiX\^^^. fj:^. irvj^^rv:/ 

[0 0 4 5] #fiS *;/ h^B L r fi. 1 0(OS&1^^ 1 
4 t lOONMOS hy^'i^^^ 1 5 tf)^h^j:^0m?^ 

W?'^B#<^TMR^^4<7>lg:fetffi<b. mi\i^\^^>RWi=r 

[0 0 4 6] ate. #!7— K^WLti. Dr>7=':3-y5 
[0 0 4 7] ^fc. K^WLti, AND[h]^1 1 CO 

[0 0 4 81 Ml;bE7- mswLco— :firiffifi. N 

MO S Vv^;^^ 6 ^^LT^ife^tLTV^6o ^CON 
MOS h^^^C/^:^' %(0^— V\%^ ANDlHlSSl \ <0— 

-h{::fi. ^t-^^0 4 7^^s^gg$nTu^S, 

[0 0 4 9 ] ^/c. t^^-;/ h^B L:}oJ:t>'#BS t^'^y fx^B 
L rCO— ^^JSClJi. ^n^'tt. PMOS h7:/v^><^i5' 9 
:JoJ:r/l 9^^LT. {f-^^O 3 ^tlTl^So N 

MOS h^^i^^^^ 9:fcJ:t>'l goo^:?'— Y\Z,\%^ if-^^ 

[0 0 5 0] t:'^/ h^B L:fcJ:l/#flS t :y h^B L r 

7 4oJ;t>'l 7^^Lr. I /0|l4oi:l>V I /O 
^i:i1gig^tLTl/>'5o I /0^«b/ I /0«a^T% AW 

;^i^^i/o. / I /o^^»i^^:LTv^So i/oB. / 

[0 0 5 1 ] ^fc. mi^JSff^figT-fi. t:"5/h«6BL<h 
ftHti:0tl|/S^^-r^>5^^-e:y h^B Lm (^^^-B 
L) ^iSttri/^So -r^ir^-'p. y^-l:'':y h^B Lm{C 
fi. NMOS h^>i/;^^ 5^:;^LTTMRigT-47^l^^ 
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:feTC0TMR^^4{l, 2 o05il^tS^<7)^{[::;^r^;)?|ll 
y^: — t'^/ hiSB Lm(l. NMO S h ^ V v^;^ i^' 2 7 ^ 

^^LT. w^u-i^' 2 9 0— ;^A;^iffitc1SjS5c^ixTv^ 

[0 0 5 2] NMOS Vy^^^y^^ 2 7 <DY— htlli. 
V c c7!i5g^3gc^nTl^5o =3 ^ 2 9(^ftfe:^A;^? 

Vcc (#RBmEE) ;?!l5^*^5c^tLTV^-5o :l<o^ 

T*5i9. >r ^ 3 0(OttJ;^(:ifi. ^3l;6^ 

:/5 3t7)fSti{Lm-^<h UT^v^bn'Sp 

[0 0 5 3] ^ 2 9T*f^. A;^ffl:jE;55 

#fiSai£V c c ^I^CV c c X'fcS:^'g-trii. L U-</U 

[0 0 5 4] ^fz,^ =^>y<\y—^ 2 9<D-':^Ati^^. 
I /O^:io<t0^/ I /O^dfl. ttl't'ti. PMOSh 
y:^i^:^^2S^ 4 1 *5 cfct>'4 2 ^c/M^T. ffiagffi^SlV 
c c ;0^^^^ttTV^5o PMOS h^V-i/^^ 2 8. 4 

1 ioctt/4 2(^)y- ft^^O 6 755S^jSt$tLTv^ 

Vcc (^^^^b±(f bH'So 

[0 0 5 5] -^tc. -fe:>'>^rv>^5 3(30Aa:S;^/- K 
fi. NMO S h^Vv^;^^ 1 2 ^^LT. ai;^(B]SS5 6 
(Cg^M^tLTV^-So NMOS h^V'v?^^^ 1 2(7)y— h 

:7"5 3(DA/±i:^y — Kfi. NMO S h ^ >'>^>^ l 0 ^ 
^LT. A;^lH]3S5 7(^^)g!$nTV^So NMOS h9 
l^i:^::^^ 1 0<D>/— htcti, m-^^O 7:^mm^tiX\^^ 
6o A;^(h]SS 5 7^ NMO S h ^ Vv?^ 1 0 <?: (OFfltc 
fi, ^61. 6 2 joJ;TJ<6 3 7iiS^g£$tlTV^ 

So 

[0 0 5 6] h^>'^:7T^— h 7:JoJ:t>'l 7(^<5^— h 
^ AT Ku;^CA;^^fg^$tLS ^(7);^ ^ AT K 

J^^f^ — y ^ ^^-^K.ht\.^o Ax^ — ^'5 5fi. 

^t.*f|$7!>^{b4t^^nfc;(7^ AT Ku><^CAtc*|-/£i-5;^^ 
y ir/UT U-f 5 1 CO^IJ (l*cot:':y K^B L:JoJ:r/#0S 

fcr>> vmn L r) $:il#^i-6o 

[0 0 5 7] m^. ±tet7)ct 5 {cts;5)c^ttfcm 1 mmm 
[0 0 5 8] m^^^^mm :.<om^^jh^m'fX{^. 

K^WL 1 ^ t'-y h^B L 2 ,t $ ^5 ^ y 

-fe:yu5 2^::»^iZitf^^tco^/^TI$i^^i-So 111 ^iSM 



I 
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■ 

<& 7^Sj4{bi-5::i:{-J:oT. Aai;':?©^ 5 7 I 
/OSI^^STH U-^yucoSji (Vcc) ;65iltf^$ix/ct:' 
y h^B L 2{C^?^$n^o ^^0^. ft^||0 2*LU 
^/KOaffidi-^C^iCct 9 , PMOS h^Vv^^t^ 9 
^;^^^^it'5C^{Cj:oT. StR^nfct:'^/ h^B L 2 

h^B L 2C0;&$Sfi:. V c c r**>'5(7:)T% tf 
B L 2 p^^®»fc;6^:&;6^bfc(cfiEtLT^#;65^^-r6c 
(0 0 5 91 D-7^=3->$/'5 4(Cj:*9iH^^tiyb 

^^tb6iltR$ti/cy— K^WL 1 (i. Lu^yi^co^^ 

-Cfc-So Ki^WL 1 C>^tRlCj:oT, N 

MOS h^^i/^^iJ' 6 coy— Yir^W\y^f\^\Z.fSih(DX- ^ 

- mswL 1 cojissT-fi. Vcc mmMm \z.t^^ 

Ot-r^o ^(Otci^. Ml*'7- mSWL 1 tCfi. ±75^ 

b T gfc T ^t-r 6 o 

[0 0 6 0] ±teoj:9{c, iltR$ti7t;^^y-fe/u{:::^o 

•9 . MJ|b!7— Ki^SWL 1 ^ \f^y h^B L 2 <J:CO^.^JC 

K+tgatc, ^^{C-T^-^ (;^c<b;tfl\ "1" ) 

[0 0 6 1 ] f^iS, TMRM^ 4 (D^mi^m 3 {C. ±l£ 
^(iiS^c^T^-^ (fc<hx.fi\ "0" ) ?re^iA^fcV>:^ 

Mib!7- K^SWL^:l^iagE;^l^i>f£i^/^v^(7)X:\ ^il 

[0 0 6 2] (i^^fcU Liibi^) H 1 —El 3 

LT. !7~ K^WL 1 <i: e*-;/ hISB L 2 ,!r (cg^J^^n^ 
;^^yir/U5 2;0'^iltR$n/c^-^^D^^tbL^i^^^-OV^ 

[0 0 6 3] ^-r. yim'ikmti^xa. m'^m^s:^^ 

l>*0 6(i. Vcc (HU-<yU) T'fc*?. (1-^^0)2. a> 

4:JoJ:t/<i> 5fi. Vs s (Ll/^/U) "Cfo^o wO^c 
#t''';/ H^B L (h, M«ib?>'- KaSWL I/O 
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[0 0 6 4] -^(Og. mmtm^-izXD . ft^ll0 2ic> 
cl:t>'^4Ii, Vcc (HU'-<yi-) t^J:^ . ^ify h^B 
L*5j:t/^Mai7- K^SWLfi. Vccl^S<^^o- 

5 4fc:A;^$tt'5ti:t)(c. ft-§-^4> 5 tJ^H u-<yKcS 
tt{b^n5::<!:tcJ;oT. ANDSKl 1 <Dm:h/>*^Hi^ 

lCAir^b±;^^^6o ANDlHlKl liwA;^$ix^igtR 

L 1 {cg^^Sn^NMO S h7 Vv?:^^ 6 75?;*->tfeffi(C 
?^^5o V c c4^flg(^:7D— Vi/tfcflg^ 

/cCoTi^;fcfflil]t7— K^SWL 1 ;55v c c ^>b^-^{cg^ 
ifeaii (Vs s) {c^TLi^isb^o 

[0 0 6 5] Z<DB^. ;^^A-7^=i — y 5 5(CA;'5^n/c 
T Ki^;^{::J: «9 . I /o^:}b^ I /O^t^fi. 

b^B L 2 ^#fiSfc-.;/ h^B L r <t755^jgc$ 
ti6o :i(^t^figT% K^SWL 1 V c c 

f?g^:H6ffl;iS: (Vs s) {:i|^75^oTI^TL*&i6'5i:. }:^y 
H^B L 2ioJ:t/#BS t:^^>;/ h^B L r Vcc 7!>^b^ 

ifeS^i (Vs s) (c^TL*&it)5o ctt(-ctt). -tv;^ 
T>y 5 3 (OA;^-T;fe6 I /om^^-tJ/ I /O^t). 
V c c ;5^bg^ffi®{S (Vss) {Cf^75^oTT:^5»9*&i^) 

:ioJ:t>'#08 t^y h^B L r fC^j^^^/ I /O^fl. V c 
c;!>>bSite«i4: (Vss) (Cf^7!>^oTT;5^63^S^^M^c^ 

tL-hTt^^o t^^tz.i^. i/omt/ l/OUt\^{1^ 

[0 0 6 6] «fi^;d^^^^tLfc:C<J:(l. ^^^-b'' 

y hMB Lm*Dctt>*=3 v/^U— ^ 2 9 J: oTj^^P^tL 

tl-Cl/^'5<50T% y ^ — t: :y h^B Lmii. b^yh,^BL 
2*5j:O^*#0Sfc':y h^B L r 9 (M 

isitfeff^sg-cfit^y h^B L 2) tm\:.^^ ^^-i^^XM 
ilLf)^Tt^^i^^^o :i(0^^-tr'y h^B Lm*5cl:t/=3 

-T'S w ^ J:oT. I /O/^;0^L U'-<>'KC/^ -5 <J: <!r t 

[0 0 6 7 ] r:^^t^agT^ (t-^i^O 1 ^Hl/-</^^--r>5 
wirtcjio-r, NMO S h^>v^;^^ 1 2 4::^>^^-tt 
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[0 06 81 ^(DWi. (t-^^<i> 3 V c c (H l^-< 

xi/mm'p- mswL^v c c ^-\^-v^i-6o 

[0 0 6 91 — il«^^n:fc;^^y-fe>'K^. mit:^i^ 

2/ h^B L r {;i5g:^^5lS6t^^ 1 4 <D^m^(Ojy:^-4^ JO 
-fe^^Tv-y 5 3 ^m^^xm^irtilt^ I /O^Ti^H u 

[0 0 7 01 /«e*5. I /Oj^i:/ I /O^^c^mfiiC^^ 
L 2 :io J: t>'#HS 5/ H^B L r (OmitLt'^GNDmiiL 

tf 5/ hUB L 2*5j:r/#Rafcr 5^ h^B L r <oa:{4^ 

SWLl^. t*^/ h^B L 2*5j:tK#fiS,t 5/ h^B L r 

h^B L 2 :^Xljmm\i^y B L r i: t> i:i G N D 
m^idneoTL* 9c ^loJ^-a^. t ;/ h^B L 2 <!:#HS 
\fy h^B L r ^ coHfiM^!)^/^ < /^oT p^OT'Sffi 

[0 0 7 1 1 ^/c. ii^i^^^^.^^'Y ^^^T'fl. t:^^-;/ 30 

[0 0 7 21 H 1 ±K<7) cfc 5 {c. 1 

TMR^^4^. lOC^NMOS h^>^v>>^^^ 5 ^tCj: 

oT 1 oco^^ yir/us 2 ^t»^£-r^<i: ^ tt;!. 1 oo 
BL r <i:(7)«f4ll^ir>-;=^r:/:/5 3 Srfflv^T^^ai-r5 

[0 0 7 31 ^fc. n 1 ^Jte^F^ftg-eii. ±te<^ct9tc. 

e^^y h^B L^#BSh'':x h^B L r t (OmcomitLm^^ 
>'^T>-^5 3(;icl:*9lta:i-r^<t 9t-til;*i-'5w<i:(CcI: 
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[0 0 7 41 m 1 **£?f^Sr'(i. ^\f y 

*f LT*ao 1 oo-fe>:=<.r >>^5 3Srmtt^::i:{:icl: 

[0 0 7 51 {^2mmmm) m4i:^. ^^m<r>m2m 

*ffiJgfigtCj:6MRAMC0#.^,b':y h^tc^ii^c^ix^lg 

[ 0 0 7 6 1 l2I4;fcJ:LK|gl 5 9 tc. ::(D^2|I 

B L r (C^^g^^n^Sfet^^ 2 4 ^{l::;^r^7ii^¥tT/c^ 
2ocOTMR^^2 4 a:*oJ:t/2 4 c . ?^<t::fe^r^7!)5S 
^tr^c^ 2ocOTMR^T-2 4b^oJ:i>'24di:(Cj:oT 
?g^Lrv^-5o -^LT. TMR^^2 4 a <bTMR^^ 

2Ahti)'^mJ^mm.^^X\^^^tth\:i. TMKm^2 

4 c t TMRmT-2 4 d ^;^f^II[3?iJg^jS^^tL-CI/^6o 

iE^iJ^^^ix/cTMR^T-2 4 a *dJ:LK2 4 b (^r. 

ii:^'J^«5C^tb/hTMR^T-2 4 c joJ;t/2 4 d ^T^^^^iJ 

[0 0 7 71 C(0||2^JS?f$teT-(i. Stn:^^2 4^4 
0(7)TMR^^2 4 a — 2 4 d J: o TW^-T -5 :i i: {C 
J: "9 . El 5 {C;^^ J: 9 ISfet^^ 2 4 COStajfiR r 

^{t:;^r^7)^^tT/^:^'g^(7:)TMR^T-4(^}g:feLMRo 

<!: mit^{^t^RW-rft^m'^(o t m r 4 osfetffiR i 

t<D^m (Rot Ri i:^7)?p(0 1/2) t75>5 

[0 0 7 81 tj:^. lg^^^2 4(i. :^%m(0 i }g 
fet^^J (D—mXjh^o TMR^^2 4 a:JoJ:t/ 

2 4c(i. i^mm(D r^2lgj^^^J CO— 0iJT'fe»9. T 
MR^-^2 4 b*3j:TJ«2 4 d fl. :*:^McO r||3i&fet^ 

[0 0 7 91 ±M^j.^<ow>2'mi&mm(Dmj^. m 
[0 0 8 01 (^3 mmrnm) m e (i. :^^m(Dm s % 

mjSL^Tf^X^fzM^mx^^. El6tc^-f-J: Z.<o^ 
3^S?gfigm. ±teB2^J®?g^tS>i«9 . #BSb:> 

h^B L r \z.^m.^KhWmM^ 3 4^. ^^{t:::^f^7i»^^ 

tT?i 1 o<DTMR^^ 3 4 a i: , ^iL;&r&3;^^R^tT^^ 1 
o<DTMR^^3 4 b t (cJ:o-r?F$^£UTi/^^o ^ I- 
TMR^-^-3 4 a i:TMRig^3 4 b tliitt^iJS^^ 

[0 0 8 1 ) :i(7:»ll3^jffi?F^Sgrfi. tmr^ 

^3 4 a :JoJ:t>'3 4 b(7)ffiffi^. > ^ iryu^W^i-^ 
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[0 0 8 2] /ijb\ t&ifim^s 4{t. :^^m(D rnig 

^m<0 r^2Sfet^^J <0—mX-h^. TMR^T-3 4 

[0 0 8 3] ±m&^s^<Dm3mmmm(Dmf^. s^m. # 

[0 0 8 4] (||4||J£?f^^,) 1117(1. :*:^P^(D||4^ 

mmm\z X ^MR AM<D y hm^xrimm^^^y hmco 

fr). #fiSt^y h^BL r {zmm^^^min.m^4 4 a 

mit:)j\^^^W'n^^i<:><oTMRm^\zxoxmf$.\^ 

[0 0 8 5J -r^jit^h. ^(Dm4mmmmxi'^. ms,^^ 

y hUB L r (CgE«9C$ix61£Stm^ 4 4 a (^SfetMR r 
R*^4 <i:|i]i:Stn:M{-^^LTV^5o Z<DXoiiZn^ 
L 2 lCg^M^tl>5]etRiryuC9TMR^T-4<^tefeiiiS 

f^i:»-&t:it>. \:^^y hmsL 2 tmm^y hmBh r t 



[0 0 8 6] ^/c. \f^y hBBh 2 t^m^ y h^BL 

[0 0 8 7] /^jb\ ^>fk;;^f^;05S¥fT^.cTMR^4^'^ 

tftecO^^U-feyu^ai^-r-SS^f-fi. ffieL^^4 4a 

<7)Sfeifefi. m^^nti;^'eV't/i^(DTMRm^4(Dm, 40 

fetficfc^ t/h^< ^Je'Scoi?. ^^{cx-^(7)fiJSiJ^tT5> 

[0 0 8 8] Jitfii^^f-C0^4^JS?f^^c^«^. 5^):^:. » 

[0 0 8 9] (II 5 'mmm m 8 ti. 5 % 

m^^TY^y^tzM^mx^^o m%\z7f^-tx,b\z^ -com 
^nmMmx\^. ±.u%4'MMmmtmt::K> . ^m\fy 
vmB L r {zmm^tx^^^^n^ 4 4 b m\\L^[^t^ 50 
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S¥tT?^^ 1 oOTMR^^(Cj:oT?K^Lrv^-5o /.f 
®6i^^4 4bll. :^^m<0 1 ffifii^^J 

[0 0 9 0] -r?i?P^. :i<5C>||5^J£?gfigT'li. ISta^ 
^4 4 bOffifeiffiR r l8{b:::^f637!»5R5ptT^;^^ 1 ocOT 

^-r^i:. Ig6t^^^4 4 bOSiriffiR r (i. S^^n/c 
\fy hllBL 2{cS^j^$ix^iltR-fe/UOTMR^^4 0 

>^5 3{cJ:»9, ^^\cy'—^(D^m\i:rTOZ,ti)^X^ 

[0 0 9 1] ^/c. mitJj{^/)^-RWfr^J:TMRm^4^ 

m^4<Dmt7Lmtmc{z/j:^, :z(Dm^{zh^ ±um4 
^mmmtmm. tctK.it. \::y ^bbl 2 tm^y^y 

■7-4 4 bCOjgfeifitR r 75^TMR^^4C7)lgfetM^f^i:^m 
fc'-;/ h«6BL 2<i:#fiafcf hllBL r (irOfflfi 
^mT'r^m^^'^^tj:^(DX\ }:fy h^BL 2 ^#fiStf 
h^B L r ^(^FplfcmfiMTii^^^fe-r^o m{Cj:J9. 

±>y^T:y:/b 3 ^m^^^x^M^zv"—^ <Dmm^n o ^ 
t:^^^X%^o 

[0 0 9 2] -^ti^ h^B L 2 ^#68 t^'^y h^B L 

[0 0 9 3] ±m^^\'(Dm5'mmMm(Dmf^. s 
[0 0 9 4] /^:jb\ ^mm7j<^titimmmmi-^. -t^x 

co.^.xm7r^Xh<>xmm^^j:i><OX{:X^^\^^t^:^hti^ 

x{^^j:<^wm^(Dmm{zj:<>x7!k^ti. ^^{z^wm 
^(Drnm t m^<DMM^ <fc v^mmp^x<D'r^x(D^^:^^^ 

[0 0 9 5] ^c^xtf. Jimmmmmxi-^. ^^v-^/i- 
^mf^-r^mmm^tLx. TMRm^^m\^^fc^K * 

[0 0 9 6] ^ti. ±mmmmmXi^. ^:y:^T\yzf^ 

9(7>m;^{-S-^v^-r®^4it:^■^t^ J: 5{-bfc^5, *ai0>^ 

[0 0 9 7] 
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i;i±(DXoi^. ^mmizxtiit. ^mi± 

h ^^-/^^^^Tf^-t 1 ^(O^^m^t 1 OCD h 7 

[0 0 9 8] ^^c. ?s^tth>^^/U5^m^7i^i-iooie 

2o(7)fBti^^i!: 2 0CD h7>^v^^^^:6^b>^!Jir>'L' 
-5 :i <!: ;!>^T'# ^ <t 1/ ^ 9 5^:^ w 75^T'# -So 

[1112] m 1 {;i^L/c^lllSS?F^S<7)MRAM(^t: :y h 

[ma] laitil^L/clglllSSf^^.COMRAMCOgc^ttS 

[1114] *^P^(7)S|2^JS?f^^(-ci:^MR AM(7)h:> h 

[IDS] Ig]4(::7r:L/c^2||J^?p^^{cj:6MRAMcD# 

[me] ^^m<D^ 3 MMMmi^ ^ ^MR AM<D \f h 
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[(17] *:^0.^<^^4||}fe?P^eg«-ct^MR AN4<Ot' ,y h 

[119 1 '(^^<7)MR AMOietg^^cOtSitSrtft^-r^fc 
[1^1 0] i^*OMR AMO|eit^^^(7)«it?rIftWi-6 
[BIl ll t^3fe(7>MRAMO^(*:1t;i!g^7r:LfcyD iy ^ 
[??-^<O|ft0^] 

1 5*^tt^ {m2m^m) 

2 mmmmm 

3 ^mi^m (niKtts) 

4 TMR^^ (lESc^^^) 

5 NMOSh7>i^^^ (h^Vi/^i?') 
6. 7, 12 NMOSh^Vv^;^^ 

8. 9. 10 PMOS h^^'v?:^^ 

14. 24. 34. 44a. 44b ffifet*^- (|g 1 IS 

20 t/tm^) 

24a. 24c. 34a TMR^^ (H 2 

24b. 24d. 34b TMR^-^- 3 Igjn^^) 
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